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Motivation 

• Most numerical simulations on the ISM 
turbulence were driven in the Fourier space, 
which is not realistic.   

• We studied density PDF, and density and 
velocity PS of our outflow-driven turbulence 
in the NGC1333 region through numerical 
experiments. 
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3D, isothermal, outflow-driven HD simulations 

spherical 
outflows 

8l0 



Basic equations and dimensionless units 

 
 

 
 
 

•  ρ=2.51x10-20 gcm-3         

• P=3.98x1039 gcm-3s-1 

• S=6.31x10-68cm-3s-1 

• m0 = 18.7Msun, l0 = 0.37pc, t0=0.34 Myr, 
v0=l0/t0=1.064km/sec 
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Snapshot of density and velocity field 



Evolution of Mach number 

 



3D density, density PDFs 

 



Density and velocity PS 
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Kim+Ryu 2005 



Universality of Density-weighted 
velocity PS? 
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k^{-5/3} Kolmogorov 
k^{-1.74} solenoidal driving 
k^{-2.10} for compressional 
driving 



Div v              curl v 



vPS: Solenoidal vs. compressional  



Evolution of spectral slopes 



Evolution of solenoidal to total 
velocity components 



zeta = 1: pure solenoidal 
zeta = 0: pure compressible 

-1.1 ~ -1.2 



Conclusions 
• Outflow-driven turbulence has a negative skewed 

density PDF with an enhanced tail on the low-
density side 

• The spectral indexes of density and velocity PS 
are -1.2 and -2.0, respectively. 

• There might be no universal scale law for 
compressible turbulence flows. 

• Supersonic turbulence tries to have a statistically 
converged ratio of solenoidal to compressible 
velocity components, i.e., 2:1. 
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